a recent example of a large turbidite pathway in the Gulf of Mexico that crosses an area of active salt tectonics thus providing a conceptual model for older systems in similar settings. In Bryant Canyon, thick turbidite sands presumably are found in mini-basins however, they are sealed by thick, fine-grained, mass-transport deposits which terminate mini-basin turbidite deposition cycles. The importance of mass-transport deposits in basins along this turbidite pathway is in startling contrast to the Trinity-Brazos pathway whose shallow subsurface expression is virtually free of mass-transport deposits and has undergone minimal deformation by salt movement.
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The continental slope south of Texas and Louisiana has a distinctive morphology, which is characterized by numerous diapiric features and intervening mini-basins, as opposed to the submarine canyons that incise most continental slopes (Pratson and Ryan, 1994) . The reason for this difference is the presence of the underlying Louann salt. The distinctive sea floor morphology results from the interplay of sediment loading and salt movement (Diegel et al., 1996) . During lowstands of sealevel, large volumes of sandy sediment have moved across this slope through turbidite pathways from shelf-edge deltas (Suter and Berryhill, 1985) to several fans on the continental rise (Feely, 1984; Weimer, 1989; Lee et al., 1996) . The paths of the turbidite systems intersect salt-withdrawal mini-basins and form thick ponds of sand in these mini-basins. Several studies have documented the stratigraphic evolution of such mini-basins (Armentrout et al., 1991; Alexander and Flemings, 1995; Prather et al., 1998; Weimer et al., 1998a; 1998b) . A detailed understanding of the geometry and facies distribution of modern examples to these turbidite pathways has received little study.
The study of recent turbidite pathways on the TexasLouisiana continental slope has focussed particularly on a small one on the upper slope, seaward of the Trinity-Brazos shelf-margin delta (Trinity-Brazos pathway in Figure 1 ). Across the upper slope, Satterfield and Behrens (1990) and Winker (1996) traced a pathway having a welldeveloped channel. Cores from the floors of four minibasins (Basins I-IV of Badalini et al., 1999) along this pathway recovered turbidite sands (Satterfield and Behrens, 1990) . Because these studies were limited to the upper slope, however, the authors could not determine whether the pathway extended onto the continental rise. Lee et al (1996) mapped a second pathway, the Bryant Canyon system, across the Louisiana slope (Fig. 1) . This system extends from immediately downslope of a late Quaternary shelf-edge delta associated with the Mississippi River (Suter and Berryhill, 1985) to a fan channel system on the rise. Lee et al. (1996) mapped the pathway using multibeam bathymetry and widely spaced seismicreflection data. These reconnaissance data were not adequate to map the continuity of the system between minibasins nor were the lithofacies associated with this system sampled.
We used, GLORIA sidescan sonar imagery (EEZ-SCAN 85 Scientific Staff, 1987) registered with the multibeam bathymetry (Grim, 1992) to assess the distribution and continuity of the near-surface lithofacies associated with the Bryant Canyon and Fan pathway. We also integrated widely spaced 10-kHz and airgun seismic profiles with piston core analyses for detailed mapping of the surface and shallow subsurface geology of the pathway (Fig. 2) . These additional data reveal a more complex and varied system than is shown by the multibeam bathymetry alone. In addition to showing variations in surficial geology along this pathway, our detailed documentation suggests a somewhat different geological evolution for mini-basins along this system from that attributed to the Trinity-Brazos system (Satterfield and Behrens, 1990; Winker, 1996) . A more complex sedimentary history in these mini-basins may be a consequence of the system's larger size.
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GLORIA is a 6.5-kHz sidescan sonar system (Somers, 1996) used to collect imagery from the Louisiana continental slope (EEZ-SCAN 85 Scientific Staff, 1987) . The track lines were spaced close enough to provide nearly continuous coverage of the slope and rise seaward of 400-m water depth. The data were collected digitally, processed using techniques developed by Chavez (1986) and Paskevich (1992; , and mapped with each pixel representing 100 m 2 . On the GLORIA imagery, a strong acoustic return is referred to as high backscatter, which shows as light tones, whereas, a weak acoustic return is termed low backscatter and shows as dark tones. The multibeam bathymetric data were collected between 1988-1991, and were gridded in the manner summarized by Grim (1992) . The GLORIA imagery was registered to the multibeam data by picking more than 125 common points between the two data sets using the PCI remote sensing software (Anonymous, 1992) . We altered the GLORIA image to match the bathymetric data by applying a 3 rd order polynomial through the control points. The maximum error in fitting this polynomial to the 125 control points was 6 pixels (600 m).
In 1997, additional types of data were collected along the Bryant Canyon pathway. Thirty-eight piston cores were collected, some as much as 4.7 m in length ( Fig. 2A) . The cores were logged, split, and described visually in the field. Subsequently, samples were taken for textural, biostratigraphic, and carbonate content analysis, and for AMS age dating. Approximately 570 km of seismic-reflection profiles were collected (Fig. 2B ) using a 190 in 3 GI seismic source and an ITI two-channel hydrophone receiver.
5HVXOWV
We use the regional bathymetry and GLORIA data to characterize the setting of the Bryant Canyon pathway prior to focussing on the sedimentary geology of the system itself. The morphology of this continental slope is dominated by salt-withdrawal mini-basins (Pratson and Ryan, 1994) , and the morphology of individual basins is variable. The mini-basins range from 5-20 km in diameter and basin relief, measured as the difference between the basin floor and the spill point at the basin's rim, can reach 500 m. Most of the mini-basins have less than 150-m relief, however, a small number have relief exceeding 250 m (Fig. 2B) . The walls of the deeper mini-basins are steep and gullied, whereas the walls of the shallow ones are gentler and smoother.
From these morphologic data combined with GLORIA imagery ( Fig. 2A) , seismic data, and core data we established three categories of mini-basins based on their nearsurface geology. Most mini-basins are shallow and have low-backscatter floors and walls (see LaSalle Basin in Fig. 2 ). The 10-kHz profiles that cross these shallow basins show multiple parallel reflections, which drape the floors and walls (Fig. 3A) . Cores from these basins recovered silty clays, consistent with hemipelagic drape sedimentation ( Figs 4A, 5A ). The second category of mini-basins have relief greater than 250 m, steeper walls, and their floors are partially covered by sediment producing a highbackscatter signature (see Bienville Basin in Fig. 2A ). Bryant Fan S i g s b e e E s c a r p m e n t B r y a n t F a n C h a n n e l The high-backscatter areas commonly coincide with an acoustically transparent layer on the 10-kHz profiles ( Fig.  3B ), and cores from these areas recovered distorted beds and clasts which we interpret to be mass-transport deposits (Figs. 4B, 5B). By contrast, a core from the low-backscatter part of this basin floor recovered hemipelagic silty clays (Fig. 4C ). The third category of basins also have more than 250 m relief and have a high-backscatter return that completely covers the floors and extends up the basin walls to the rims of the basins (see Beaumont Basin in Fig. 2A ).
The 10-kHz profiles across these basins show a strong surface return with no subbottom reflections (Fig. 3C ).
We collected twenty-five cores from the floors and walls of these basins, and 20 recovered mass-transport deposits beneath a thin hemipelagic drape. Core PC-11 ( Fig. 4D ) is an example of the mass-transport deposits in this basin. In this core the mass-transport deposits are overlain by silty turbidites and thin silt laminae (Figs. 4D,  5C ). The clasts and the matrix of the mass-transport deposits both consist of very-fine silt and clay (Figs. 4B , 5B).
Our seismic data support the location of the Bryant Canyon pathway as interpreted by Lee et al. (1996) . However, integrating the sidescan imagery and bathymetry have allowed mapping the continuous course of the pathway across the continental slope ( Figs. 1 and 2) . Almost all basins along the Bryant Canyon pathway belong to the third category. In addition to their distinctive morphology, an irregular high-backscatter zone connects the basins to each other along the pathway (Fig. 2A) . The GLORIA imagery also shows that this pathway crosses more basins than was shown by the initial seismic mapping (Lee et al., 1996) . On the upper slope, two pathways can be seen on the GLORIA image ( Fig. 2A) . The eastern pathway can be traced only for about 60 km across the upper slope, whereas the western one (the Bryant Canyon pathway) crosses the entire slope (Figs. 2, 6 ).
The upper slope part of the Bryant Canyon pathway is narrow, and its seafloor expression originates about 10 km downslope from a shelf-margin delta (Fig. 1) . The canyon is as wide as 5 km (Fig. 2 ) and coincides with a swath of sea floor showing a fine-scale roughness on the multibeam bathymetry (Fig. 2B ). The bathymetry also shows that on the upper slope, in depths less than 1,400 m, the thalweg gradient is fairly uniform (Fig. 6) . Two piston cores from this upper slope part of the pathway recovered turbidites of fine sand and silt, and the youngest one was deposited between 10,150 and 9,280 yr BP (Fig. 4E) . The seismic profiles show that this upper slope part of the canyon is underlain mostly by shallow salt (Fig. 7A) . Truncation of reflectors in the sedimentary section overlying the salt (Lee et al., 1996) , suggests that the original canyon was significantly wider than its present configuration (Fig. 7B) .
On the middle slope, the Bryant Canyon pathway crosses five mini-basins (Fig. 6) . The northern two basins are narrow and less than 5 km long, whereas the southern four are more circular and 5-18-km in diameter (Fig. 2) . The relief of basins along the pathway ranges from 200-500 m (Fig. 6) . Basin floors and walls have a mostly highbackscatter signature ( Fig. 2A) , and subbottom profiles show a pronounced sea-floor signature, with no subbottom reflections (Fig. 3C ). All but three of the 16 piston cores from these basins recovered mass-transport deposits ( Fig. 2A) . Where the pathway crosses bathymetric highs between mini-basins, it narrows, and in one place, it bifurcates (Fig. 2) . Our seismic profiles did not penetrate deeply enough to determine whether the basins are underlain by salt, although salt is present under the ridges that flank the basins (Fig. 7C) . 
Line 16
Beaumont Basin, which is the largest mini-basin along the pathway (18-km diameter), was studied it more extensively than the others (Fig. 8) . Its floors and walls have a high-backscatter signature on the GLORIA imagery (Fig. 8A) . The walls are gullied, headwall scarps associated with slope failures are prevalent along the southern edge of the basin, and its floor is hummocky and deepest along the basin's northern edge (Fig. 8B) . Six of seven cores taken in Beaumont Basin recovered mass-transport deposits (Fig. 8) . The remaining core contained thin silty turbidites overlying mass-transport deposits (Fig. 4C) . The seismic data show an acoustically chaotic unit above an unconformity that truncates northward dipping reflectors (Fig. 7D, E) . This chaotic unit, which we interpret to be mass-transport deposits, is 200-225 milliseconds thick. In contrast to all the other basins, two pathways exit Beaumont Basin; one exits the western side, the other exits the southeastern side (Figs. 2, 8) . The western pathway is 1-2 km wide, extends westward and ends in a deep, 5-kmdiameter basin, which displays a high-backscatter signature from its floor and walls. The thalweg of the southeastern pathway from Beaumont Basin rises 500 m before entering the irregularly shaped basin immediately downslope (Fig. 6) . Cores from the floor of this downslope basin recovered mass-transport deposits as well (Fig. 2) .
Where this pathway crosses the lower slope it is about 4 km wide (Fig. 2) , crosses mostly shallow salt (Lee et al., 1996) , and has a fairly constant downslope gradient (Fig. 6) . The bathymetry shows that this section has welldefined gullied walls, is only about 50 m deep, and has a rough floor (Fig. 2B ). The GLORIA image shows that this section has a low-backscatter signature ( Fig. 2A) . One core from this part of the channel contained hemipelagic silty clays throughout its entire 4-m length. If turbidites are present at this site, they are more deeply buried than could be reached by piston cores. At the base of the Sigsbee Escarpment, this pathway connects with a meandering channel, which extends at least 170 km across the continental rise (Fig. 1) .
'LVFXVVLRQ
The Bryant Canyon pathway can be traced continuously in the GLORIA imagery and bathymetry from immediately downslope of a late Pleistocene shelf-margin delta to Bryant Fan on the rise. The large size of the Bryant Fan (roughly 70 km wide and 180 km long, Fig. 1) indicates that a large volume of sediment passed through the Bryant Canyon pathway while it was active (Lee et al., 1996) . The series of salt-withdrawal mini-basins along this pathway appear to be recent analogues of the bypass turbidite systems described by Prather et al. (1998) . Although cores are not yet available from Bryant Fan, the preservation of the meandering channel and the presence of highbackscatter deposits at the end of the channel suggest a late Pleistocene age (Fig. 1) . A late Pleistocene age also has been proposed for the shelf-margin delta that fed this turbidite system (Suter and Berryhill, 1985) . Two other young turbidite pathways have been mapped on this continental slope; the Mississippi Canyon system (Goodwin and Prior, 1989; EEZ-SCAN 85 Scientific Staff, 1987) and the Trinity-Brazos system (Satterfield and Behrens, 1990; Winker, 1996) . The morphology and channel gradients of both these other systems are still clearly preserved on the seafloor. The modification of the original morphology and axial gradient of the Bryant Canyon pathway suggests that salt tectonics have significantly affected the evolution of this system (Figs. 2, 6) , and may indicate a slightly older age for the Bryant Canyon/Fan compared to that of the Trinity-Brazos or Mississippi pathways.
The upper two mini-basins of the Trinity-Brazos pathway were included in the GLORIA and multibeam surveys, and we briefly summarize these data for comparison with the Bryant Canyon pathway (Fig. 9) . The bathymetry shows a leveed channel, which originates in the upper mini-basin and can be traced through the next one downslope. The channel thalweg maintains a continuous downslope gradient, even where it crosses the divide between the two basins. The GLORIA imagery shows a high-backscatter return from both basin floors, which does not extend up the walls of the basins (Fig. 9A) . Cores from these basins, which contain sand beds (Satterfield and Behrens, 1990) , and the imagery are consistent with the evolutionary models presented by Satterfield and Behrens (1990) , Winker (1996) , and Badalini et al. (1999) . Sand on these basin floors was derived from the Trinity-Brazos shelf-margin delta, was transported by turbidity currents through the channel to the first basin floor, and deposited there as sheet sands. Once the basin was filled to the spill point, the bypass channel formed and sand flowed to the next basin downslope. Since the system was abandoned during the Holocene, its morphology and surficial geology have been preserved under a thin blanket of hemipelagic mud. In contrast, the Bryant Canyon pathway shows a more complex evolution. The size of the pathway changed through time, and mass transport played a significant role in the late stages of its evolution. The sea-floor expression of the Bryant Canyon pathway, as mapped by the GLO-RIA imagery, is mostly 5-7 km wide, whereas seismic profiles show that much of this system is 10-20 km wide (Lee et al., 1996) . The modern Mississippi Canyon is 25-35 km wide, so the Bryant Canyon pathway was roughly half this size during earlier stages of its formation, but decreased in the late Pleistocene. Morton and Suter (1996) found that the supply of sand to some shelf-margin deltas decreased through the Pleistocene, and perhaps the decrease in the size of Bryant Canyon is a response of this turbidite pathway to a decrease in sediment input.
Salt movement has influenced the Bryant Canyon pathway more strongly than the Trinity-Brazos pathway. Lee et al. (1996) clearly demonstrated the importance of salt movement in disrupting large sections of Bryant Canyon. Our study shows that the thalweg no longer has a continuous downslope gradient (Fig. 6) . Assuming that the Bryant Canyon pathway did supply sediment to the fan on the rise, then the changes to the thalweg gradient must have occurred after the pathway was abandoned. The key to understanding when the Bryant Canyon turbidite pathway was last active and at what rate salt-tectonic offsets occur depends on when the last continuous pathway was open to Bryant Fan. Age analysis of the thickness of the surface hemipelagic drape and underlying turbidite stratigraphy on Bryant Fan is necessary to answer these questions (Nelson et al., 2000) . The question arises whether the thick mass-transport deposits in the basin floors come from local failures (collapse of basin walls), or are the result of a more regional process that flooded the entire system. Large failures have been identified in the head of the Mississippi Canyon (Goodwin and Prior, 1989), and Prather et al. (1998) have shown these regional failure events can be important in mini-basin filling, especially those associated with bypass systems. More localized mass-transport aprons commonly fringe the sequences in mini-basins that are associated with times when they were being filled by turbidites (Alexander and Flemings, 1995; Weimer et al., 1998b; Prather et al., 1998) . Certainly the failure scars on the walls of Beaumont Basin are indicative that at least part of the thick mass-transport deposits on the basin floor were derived locally (Fig. 8B) . Whether the deeper part of this mass-transport deposit (Fig. 7 C, D, E ) was derived from a larger failure that originated farther upslope, or even at the shelf edge, is unknown. There is ample evidence that large failures of the shelf edge have occurred in the Gulf of Mexico (Goodwin and Prior, 1986; Morton, 1993) , and these could choke a canyon with debris. Failures associated with faults on the upper slope are alternative sources for this thick mass-transport deposit (Prather et al., 1998) . The fine-grained nature of the mass-transport deposits sampled by our cores (Fig. 4B ) precludes a coarse-grained source, at least for the uppermost part of these deposits. The sand that was recovered from the pathway on the upper slope (Fig. 4E ) is evidence that debris flows did not pass through the upper part of this system unless they preceded the turbidites. Radiocarbon dates show that the youngest of these turbidites was deposited between 9,280 and 10,150 yr BP (Fig. 4E) . Deposition of this young turbidite may reflect reoccupation of the uppermost part of the system during the onset of the Holocene. Ages of turbidites on the Bryant Fan are needed to determine whether the entire system was active at this late time and to resolve the timing and source of the mass-transport deposits.
Our concept of mini-basin evolution derived from the near surface geology of the Bryant Canyon system is summarized in Figure 10 . We use the imagery from different basins on this slope to illustrate modern basins that exemplify different evolutionary stages of our model. During highstands of sea level, the basins are isolated from sand sources, and are blanketed by hemipelagic sediments (stage A). LaSalle Basin is a modern example of a stage A basin. As turbidites accumulate, presumably during times of lower sealevel, a fan forms on the basin floor (stage B). Once the stage B basin completely fills, a bypass channel forms and sediment spills into the next basin downslope (Stage C; Satterfield and Behrens, 1990; Winker, 1996; Prather et al., 1998; Weimer et al., 1998b, Badalini et al., ). The Trinity-Brazos pathway appears to represent stage C. Once the pathway is abandoned due to a channel shift or a change in sea level, salt movement modifies the system. On a regional scale, the salt movement breaks the continuity of the pathway (Lee et al., 1996) , and locally, within individual mini-basins, the walls oversteepen (stage D). The oversteepening of the basin walls causes slope failures, which can partially (Bienville Basin) or completely (Beaumont Basin) cover the floor of the basin (stage E). Once the salt has adjusted to the new sediment load, wall failure ceases, and hemipelagic sedimentation initiates (stage F).
The near-surface geology of the Bryant Canyon pathway indicates a different evolution than is seen in the Trinity-Brazos pathway. Slope failure has been the dominant process in the late stages of the development of the Bryant Canyon pathway while failures appear to be absent from the Trinity-Brazos pathway. Seismic data show that these mass-transport deposits can be thick, and can completely cover the floors of mini-basins. Piston cores show that these mass-transport deposits are extremely finegrained, and would serve as effective seals to the turbidite sands that they bury. 
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